Organizations engaged in medical device software development are required to demonstrate compliance with a set of medical device standards and regulations before the device can be marketed. One such standard IEC 62304, Medical device software -Software life-cycle processes, defines the processes that are required in order to develop safe software. Demonstrating compliance with IEC 62304 can be problematic for organizations that are new to or have limited experience in the domain. The standard defines what processes must be carried out, but does not state how. In a review of a number of such organisations it was found that the development of a software development plan proved to be a difficult task. In this work we have created a software development plan template to assist organisations with this arduous task.The software development plan template will be validated with these organisations as part of the future work.
Introduction
Medical devices have been around for centuries but it is only in the last decades of the twentieth century that software has become widespread in the operation and control of some kinds of medical devices [5] . It is because of the critical nature of medical device software and due to the increase in the number of recalls of medical devices arising from software failures that regulatory bodies acted to try and rectify this growing trend.
To address these issues international standards organisations have developed a number of medical device standards which aim to regulate how organisations implement medical device software. These standards outline what organisations must do to ensure the development of quality medical device software processes, however they do not specify how they should do it. Existing software process improvement frameworks such as MDevSPICE® (formerly known as Medi SPICE) allow organisations to examine their existing processes in light of these standards but do not provide specific detail on how to implement the processes.
In previous work, an IEC 62304 implementation roadmap has been developed [8] and is currently being prepared for validation by industry experts. Through contact with software development organisations, the first element causing a major difficulty was the creation of a software development plan as described in Section 5 of IEC 62304. These organisations did not have the experience to develop such a document. This paper describes the development of a software development plan template that complies with IEC 62304 and would be suitable for small to medium size medical device software development organisations.
Related Work

Medical Device Software Quality
Wallace and Kuhn [5] describe how in the years, 1983 to 1991 6% of the recalls registered with the FDA were due to software failures and how for the years 1994 to 1996 this had risen to 10%. ANSI/AAMI/SW68 Medical device software -Software life cycle processes [6] was adopted in 2001 and its stated purpose was to reduce the time required for regulatory review of medical device software by reducing the material that must be reviewed while providing a development process that will consistently produce high quality, safe medical device software. IEC 62304 was introduced in 2006 and is based on ANSI/AAMI/SW68 with a number of significant additional requirements. IEC 62304 has been adopted by the ANSI as an US national standard (replacing ANSI/AAMI/SW 68). However the number of medical device recalls registered with the FDA that related to software issues has continued to increase. Alemzadeh et al. [7] describe how 33.3% of Class I (presenting a high risk of severe injury or death to patients) recalls between 2006 and 2011 were software related. The standards state clearly what is required by medical device software development organisations, but do not tell the organisation how to implement these requirements.
The development of safe medical device software requires quality management, risk management, and good software engineering [1] . The purpose of IEC 62304 Medical device software -Software life-cycle processes [2] is to define the lifecycle requirements for medical device software development and to establish a common framework for medical device software life cycle processes. IEC 62304 also requires a medical device software development organisation to have a quality management system in place that demonstrates the ability to provide medical device software that consistently meets customer requirements and applicable regulatory requirements. ISO 13485 Medical devices -Quality management systems -Requirements for regulatory purposes [3] is one such standard. IEC 62304 also requires that a risk management process complying with ISO 14971 [4] be applied to the software development life cycle processes.
Roadmapping
The roadmapping process is established and proven in the technology domain and continues to be adopted in many other fields of endeavour. Phaal [9] lists over 2000 public domain roadmaps organized by topic including chemistry, construction, defence, energy, transport and many more. A number of large companies use roadmapping to develop their strategic planning going forward. NASA embraced roadmapping in 2005 [10] arising out of a number of cost overruns in their development budgets.
Within the SPI domain, the number of published roadmaps is limited. McFeeley et al., [11] have developed a high level process improvement roadmap and describe how their roadmap is intended to provide an organization with a guide to forming and carrying out an SPI program.
Höss et al., [12] launched a pilot project to acquire skills in implementing IEC 62304 in a hospitalbased environment (in-house manufacture). They concluded that the pilot project carried out at their facility clearly demonstrated that the interpretation and implementation of IEC 62304 is not feasible without appropriately qualified staff. They recognized that it could be carried out by a small team with limited resources although the initial effort is significant and a learning curve must be overcome.
It can be seen that applying the roadmapping process to IEC 62304 and generating a roadmap that will aid medical device software development organizations in the implementation of IEC 62304 is a necessary and justified step.
Flood et al. [13] [14] have already applied the roadmapping process to ISO 14971 and IEC 62366 and these roadmaps have been validated with industry experts. A roadmap has also been developed for traceability in the medical device domain leaving the development of an IEC 62304 roadmap as the last piece of the puzzle.
IEC 62304 is not a standalone standard and the manufacturer of a medical device is responsible for ensuring compliance with the other relevant standards. Irrespective of the lifecycle model chosen, the processes defined in the standard must form part of the model and be implemented during the development of the medical device software. One method organizations have of doing this is through mapping the standard to their particular life cycle model. The IEC 62304 implementation roadmap will remove this step in the software development process as the requirements of IEC 62304 are already mapped to the defined processes, identified as Activities and any gaps that exist in the organizations processes will be detected. [16] , details a software project development plan template, based on IEEE 1058 -1998. One of the main features of this plan is that it separates the managerial processes, the technical processes and the work packages, schedule and budget.
General Software Development Planning
A roadmap for IEC 62304
The definition of a Roadmap for the purposes of applying the roadmapping process to this and the other standards in the domain is "A series of Activities, comprised of Tasks that will guide an organization through the use of specific "How To's" towards compliance with regulatory standards".
Figure 1 Metaphor for Roadmap
A roadmap for the implementation of IEC 62304 has been developed and the metaphor detailed in figure 1 was developed to aid organisations in the visualisation of the activities that were required and also to give an indication of the timeline associated with the implementation of the processes required by IEC 62304.
It can be seen in this figure that a number of the required processes are on-going right throughout the development of the project and in some cases, right to the end of the life of the product. These processes have been defined to ensure the safety of all users of the medical device, including operators, patients and healthcare professionals.
The roadmap outlines the stages at which each process should be introduced into the organisation and these processes may be performed multiple times through the life of the project. As can be seen organisations must first start with the implementation of a quality management system and a risk management process compliant with ISO 14971. The organisation must then establish the classification of the device and ensure that for all artefacts produced as part of the project are controlled and uniquely identified, including all modifications and revisions.
At this point the organisation would be in a position to begin the development of the medical device software. The first stage in this process is to plan the software development process including all of the necessary stages from requirements analysis through to releasing the process.
Research Method
The aim of this work is to assist organisations with the implementation of IEC 62304. To meet this aim we began by examining the current software development practices of two organisations new to the medical device domain in light of the IEC 62304 standard. This work revealed that the most prominent issue was a lack of a software development plan.
To assist these organisations in the creation of the software development plan the following research method was undertaken.
1. Examine current software development practices within the medical device organisations: The first stage in the implementation of the roadmap was to examine the organisations existing processes and determine which elements were most urgently required. This examination revealed that the most prominent issue faced by these organisations was the lack of a software development plan. 2. Examine general Software Development Plans and compare them with the requirements of IEC 62304: The requirements of IEC 62304 were mapped into the template and a comparison made between the contents of the template and the requirements of IEC 62304. Details from the annexes were also included so that the rationale behind the requirements were understood and could be easily referenced by the authors of the actual medical device software development plan. 3. Develop Generic Software Development Plan template which satisfies the requirements of IEC 62304: The outcome of the comparison process was a generic medical device software development plan that encompassed all elements of the original project plan, elements derived from best practice, the requirements of IEC 62304 and the rationale from the annexes of the standard.
Examined the organisations existing planning documentation in light of the template:
Once the template was developed the organisations existing planning documentation was examined to determine if additional elements were required to complete the software development plan template developed in Stage 3.
Results
Examination of Current Software Development Practices
As described previously, contact was made with two software development organisations who were planning to enter the medical device software development domain. Organisation A is a small software development house with approximately fifteen employees. They are specialists in the mobile application market. Organisation B is an organisation who as part of a multinational company has experience of manufacturing medical devices and some limited experience in developing medical device software but who have identified the need to set up a separate division to take responsibility for the development of medical device software that will form part of any medical device that they manufacture. Both organisations have already begun their journey on the road to IEC 62304 compliance by investing in a quality management system complying with ISO 13485 [3] (QMS) and a risk management system complying with ISO 14971 [4] (RMS). Their question was "what do we have to do now?"
Both organisations had commenced Activities 1 (QMS) and 2 (RMS). The software safety classification of Class C is assigned at the start of the project (Activity 3) and remains as such until the software risk management process (Activity 8) is commenced and the results of this process are established. The software configuration management process (Activity 4) was established in both organisations to a certain degree, established enough for them to commence planning the software development (Activity 5). Both organisations had difficulty with this stage. Reviewing their existing documents established that Standard Operating Procedures (SOP) were the methods employed to detail, describe and record the processes carried out by their staff. These procedures were not robust enough and did not cover all the requirements of IEC 62304. Neither organisation had what could be described as a Software Development Plan (SDP) as required by IEC 62304. This is the point where the "How To" element of the roadmap was required.
Comparison of general Software Development Plan with IEC 62304
There are a number of software project development plan templates available. Most of these are based on the IEEE standard. Because standalone software can be a medical device in its own right [17] , a decision was made to base this software development plan template on the software project management plan template. The template refined by McConnell was used because of his standing in the software engineering world. Medical device software development organisations operate in a business environment as well as a safety critical one. The sections and references to budget were retained to reflect this reality.
Using the template detailed by McConnell, a comparison was made with IEC 62304 to identify any limitations that were apparent. Section 5 of IEC 62304 is titled Software Development Process and Sub-Section 5.1 (Software Development Planning) contains eleven sub clauses, 5.1.1 through 5.1.11, that detail the requirements for the software development planning stage. These are included in the roadmap under the Activity Title -Software Development Planning and grouped into five tasks as detailed in Table 1 : Ensure that the plan includes references to or plans for the following elements. (Task 5.3 references thirteen separate elements required by IEC 62304).
5.4
Identify the supporting items used to develop the medical device software, which could impact the medical device software.
5.5
Plan to place configuration items under documented configuration management control before they are verified.
These five tasks reference seventeen elemental requirements from Sub-Section 5.1.
The limitations identified to the software project management plan described by McConnell included a limitation related to the question of risk. In the general software engineering world, risk to the project is a concern whereas for the medical device domain IEC 62304 requires that the software risk manage-ment process "identify software items that could contribute to a hazardous situation identified in the medical device risk analysis activity of ISO 14971". Safety to the patient, the user and the environment are of paramount importance. Section 3.3 was retitled to Software Risk Management, mapped to IEC 62304 section 5.1.7 Software risk management planning, which in turn references the Software Risk Management Process described in Section 7 of IEC 62304.
A second limitation of the generic plan was that Section 1.1 Project Overview did not highlight the importance of safety and producing safe software as an objective. Reference to safety is a major element of this section in the template, so that from the beginning of the project, safety is to the forefront.
Generic Software Development Plan template
These requirements were mapped to the most appropriate headings in the revised template above. As an example, IEC reference 5.1.7 details the requirements with regard to software risk management and this was mapped to the heading 3.3 (Software Risk Management) in the software development plan. This mapping of each of the requirements of Sub -Section 5.1 to the template ensures that the plan encompasses all of the requirements of IEC 62304. The software safety classification associated with each requirement is also mapped. It is important to note that the plan is a "living" document and will be continuously reviewed and updated during the software lifecycle process.
The requirements of Section 5.1 of IEC 62304 were mapped to the template to ensure that all requirements were included in a particular section of the template.
The final template reflects the requirements of a software development plan for the medical device domain and by the addition of elements from current best practice, the template now comprises the following sections: This template is easily tailored to match the requirements of any medical device software development organisation. The plan can be tailored by means of including elements of their processes under specific headings or in the Appendices. IEC 62304 only requires as a minimum that the SDP references the plans to be included. Therefore the organisation is able to identify the elements of the plan that will be required going forward and be able to adequately plan for and resource these processes.
Review of Organisations Documentation
The organisation's existing planning documentation was reviewed and a comparison made with the template. A number of elements were identified as either lacking in detail or were non-existent. Further follow up interviews elicited more information on the existing processes being used and the outcome of the review noted the following elements that required action:
 Safety -the main driving force behind the development of the standards for medical device and medical software development is to identify the processes that are required to produce safe design and maintenance of medical devices and software. The need to keep safety at the forefront of all discussions, designs and implementations is the element that needs to be included and highlighted within the SDP.
 Maintenance -The last process identified in the roadmap is that of Maintenance, but nonetheless a very important feature of medical device software development. Small organisations entering the medical device software development arena need to identify and plan for this process.
 Language -the medical device domain requires a whole new lexicon. It is not expected that developers become medical experts, but they need to understand the basic definitions and treatment methods associated with the device being designed. Understanding acronyms, units of measurement and dosage levels for instance could be crucial. The training requirements of the staff engaged on the project are required to be identified in the SDP.
 Error handling -in the general software development domain designing what happens when an error occurs will probably not cause harm to the user. In safety critical domains the results of error handling can be life threatening. The importance of error handling and the need to consider a much wider set of circumstances and implications is crucial in safety critical domains.
Discussion
IEC 62304 is an important and substantive standard. The purpose in developing an implementation roadmap is to guide medical device software development organisations of all maturity to regulatory compliance. Organisations who want to enter or who have just started their journey in entering the market find it difficult to decide how to undertake the processes necessary or even adapt or improve the processes that they have in place so that they can comply with all the requirements of IEC 62304. The roadmap, when complete, will contain a repository of the "How To's" necessary to guide such organisations.
IEC 62304 defines the processes required for the development of safe software for the medical device domain but does not tell the organization "how to" carry out the processes. The generated roadmap when completed will fill this gap. The experienced gained so far in generating the roadmap and interacting with organisations operating in the medical device software development domain has been invaluable in the understanding of the needs of these organisations and the best manner in which these needs can be fulfilled.
Conclusions
Organizations that are engaged in or wish to become engaged in the medical device software development domain are placed under a high level of scrutiny by the regulatory bodies tasked with ensuring that the medical device organization is compliant with all the standards. These standards identify the requirements the medical device organization must satisfy without telling them how to achieve compliance. This can hinder both the development of new medical devices and existing software houses entering the medical device domain due to the range of methods available for implementing the standards.
Building on the previous work in developing the IEC 62304 implementation roadmap this paper has described the development of the first "How To" that will form the first block in the repository of "How To's" for the roadmap. These "How To's" are the essential ingredient that an organisation needs in starting the journey on the road to IEC 62304 regulatory compliance.
Future Work
The fourth stage of this work is to validate the roadmap through expert review. A number of experts will be recruited for the validation from a diverse range of back-grounds including those who work in the medical device domain and use the standards on a regular basis, assessors who regulate organizations using the standard, academics with the appropriate expertise, and members of the standards committee.
It was envisioned that the fifth stage, the identification of the "how to's" for the achievement of the Tasks defined in the generated roadmap and the building of a repository to house them would only commence following validation of the roadmap. However, as is the case in many endeavours, "there is a tide in the affairs of men, which taken at the flood, leads on to fortune" (Julius Caesar Act 4, scene 3), it was decided to take the opportunity when it arose to work with both organisations in developing an SDP template. The plan template is currently being evaluated by the organisations and the results will be evaluated in due course. Further "How To's" will be developed through interaction with organizations that are close to regulatory compliance and by assessment of their processes. This will enable the development of a robust repository of "How To's" and future implementations of the roadmap in medical device organizations. 
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